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iAETHOD AND APPARATUS FOR DRIVING A DIGITAL BUS 



Background of the Invention 

This application relates generally to the intercon- 
nection of electrical circuits and rnore particularly to s 
the interconnection of electrical circuits by means of 
a plurality of signal lines coniprising a bus. 

improvements in integrated circuit technology 
have allowed very large circuits to be liabricated on a 
single chip. These large circuits perfomn complex 10 
functions and often have many inputs and outputs. 
These inputs and outputs are connected to other 
chips or system elements through package pins. 
Some large chips are packaged literally with hun- 
dreds of package pins. is 

The majority of these package pins are often con- 
nected to busses. The busses carry groups of related 
signals to other chips in the system. For example, 
address and data busses are widely used in computer 
systenns. 20 

A problem results when many output lines are 
connected to a bus. The outputs on all the lines of a 
bus become active simultaneously. If the values on 
any of the lines have to change state, there is neces- 
sarily a flow of current associated wfth the change of 2S 
state. If a line is going from a low to a high state, cur- 
rent flows from the chip into the line to charge up the 
line, if the line is going from high to low, current flows 
into the chip from the iine to discharge the line. When 
many of the lines change state simultaneously, this 30 
current flow can become significantly large. 

A large current flow can create a voltage spike 
which disrupts operation of the circuit In particular, 
when many lines switch from high to low, a large cur- 
rent flows into the chip from those lines. That current 35 
flows from the chip through bonding wires to pins that 
are connected to the system ground. The path from 
the chip to system ground has an inductive reactance. 
Therefore, the current flow Induces a voltage in this 
path. With this induced voltage present the ground on 40 
the chip is not truly at ground potential. False logicsig- 
nals can result The magnitude of the induced voltage 
increases proportionately with the size of the current 
flow through the path. 

One way to avoki the problems caused by the 4S 
induced voltage is to add many paths from the chip to 
ground. The current flow through each path is then 
smaller and the induced voltage is less. These added 
paths take the form of added ground pins. As an 
example, an ECL gate anray chip might have 180 so 
input/output pins with 40 of those pins connected to 
ground. 

The disadvantage of this approach is that many 
of the package pins are dedicated to avoiding voltage 
spikes. The number of pins in a package is often oon- 55 
strained so that dedicating some pins to ground con- 



nections reduces the number of pins available for 
input/output pins. Some complex functions require 
many input/output pins and dedicating extra pins for 
package grounds is not always an effective solution. 

Summary of the Inventton 

It is an object of this invention to provide a means 
for reducing voltage spikes in an electrical circuit 
when the states of the circuit output lines change 
state. 

It is a further object of this invention to reduce 
switching voltage spikes In an integrated circuit with- 
out dedicating extra package pins for grounding con- 
nections. 

The foregoing and other objects of this invention 
are achieved by improved bus driver circuitry and an 
added control line on the bus. The added control line 
indicates the polarity of the bus. 

In one embodiment, the driver circuitry stores the 
state of the informatbn on the bus. When new infor- 
mation is applied to the bus driver, the driver com- 
pares the new information with the current state of the 
infonmation on the bus. If the new informatkin would 
require greater than one half of the lines on the bus 
to change state, the driver Inverts the polarity of the 
bus by changing the state of the control line. A chip 
receh/ing infomiation from the bus, in response to a 
change of the polarity control line. Inverts the polarity 
of its receivers. Thus, when the information on more 
than half the lines on the bus has to change, the pol- 
arity of the receiver changes rather than changing the 
level on the bus lines. In this way, it can be ensured 
that the state of no more than half of the bus lines will 
change at one time. 

In a second embodiment, the polarity of the bus 
Is changed to ensure that less than one-half of the 
lines on the bus are in a low voltage state. In this way, 
always less than one-half of the bus tines will transi- 
tion from a high to low voltage state. 

In a third embodiment the method is applied to 
driver circuitry for a non-volatile memory rather than 
to bus drivers, in this way, the number of state 
changes of the memory is reduced and memory fati- 
gue is correspondingly reduced. 

Brief Descriptton of the Drawings 

The inventton can be better understood by refer- 
ence to the following more detailed description and 
accompanying figures in whtoh: 

FIG. 1 shows a simplifled block diagram of a sys- 
tem Incorporating the invention; 
FiG. 2 shows a simplified block diagram of a sys- 
tem incorporating an alternative embodiment of 
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the invention; and 

FIG. 3 shows a simplified block diagram of an 
altemative use of the invention in a memory. 

Description of the Preferred Embodiments 

FIG. 1 shows a simplified block diagram of a sys- 
tem Incorporating the invention. This simple system 
contains chips 10 and 20. Chips 10 and 20 could be 
any known chip. Moreover, chips 10 and 20 could in 
general be any two electrical circuits, but the dis- 
cussion is focused on semiconductor chips for clarity. 
The chips contain logic sections 12 and 14 which per- 
form some logic function. For example, logic sections 
12 and 14 could be transistor gate arrays. 

Chips 10 and 20 are connected together by bus 
60. Bus 60 is a plurality of wires, traces or lines 
(hereafter simply lines") of known construction for 
carrying infomnation. A bus also contains handshake 
lines, but these lines are not explicitly shown. 

Chip 10 is shown to contain a bus driver 30 putting 
information from logic section 12 onto bus 60. Chip 20 
has a bus receiver 40 for taking Information from bus 
60 and providing it to logic section 14. 

To place Infbrmatlon on bus 60, logic section 12 
places the digital infonmation on lines 16. That infor- 
mation is latched Into N-bIt latch 22a. For reasons to 
be described In detail later, N-b!t latoh 22b contains 
the words currently being written onto bus 60. 

Weight control logic 50 accepts as inputs the 
infonmation in latches 22a and 22b. Weight control 
logic 50 determines whether the polarity of the bus 
shotild be inverted. Inverting the polarity of the bus" 
hasfhefollowing meaning: Each bus line conveys one 
bit of infomiatlon. Each bit has a value of logic one or 
logic zero. The bit is represented by a voltege on the 
line of approximately zero volte or approximately five 
volts. A voltage of five volte could represent a logic 
one; but it could just as well represent a logic zero. So 
long as both bus driver 30 and bus receiver 40a inter- 
pret a voltege of five volte and a voltage of zero volte 
the same» It does not matter which represente a logic 
one and which represente a logic zero. The polarity of 
the bus is inverted by changing whether a voltege of 
five volte represente a logic one or logic zero. 

When weight control logic 50 places a low voltege 
on line CL2, a logic one is represented on the bus by 
a voltage of approximately five volte and a logic zero 
is represented by a voltage of approximately zero 
volte. Changing the state of line CLa inverte the pol- 
arity of the bus. As can be seen In RG. 1, a logic high 
on control line CLi causes the output of flip^op 38 to 
toggle. Rip-flop 38a Is a conventbnal toggle type flip- 
flop. As shown, when the output of flip-flop 38 toggles, 
line CL2 toggles and the polarity of the bus is inverted. 

Inverting the poterity of the bus at the appropriate 
time ensures that of the N lines bo...bM.i making up the 
bus, no more than half of those lines will change state 



at any given time. The maximum switching transient 
voltage is thereby cut in half, since no more than half 
the lines change state simultaneously. Here, weight 
control logic 50 produces a logic high on line CLi 
5 whenever the next word to be applied to bus 60 would 
change more than one half of the lines on the bus. It 
will be appreciated after a little thought that if X of the 
N lines must change state. Inverting the bus means 
that only N-X of the lines must change state. 

Weight control logic 50 determines If more than 
one half of the bus lines must change state. Each of 
the exclusive (XOR) gates 34o...34n.i has as ite inpute 
one bit from n-bit latch 22a and the corresponding bit 
from n-bit latoh 22b. The bit from latch 22b represente 
the value on one line of the bus 60. The bit finom latoh 
22a represente the value that is to be placed on that 
line of bus 60. The XOR gates 34o...34n.i each pro- 
duce a logic one output when one of the lines of bus 
60 must change state. 

All of the outpute of XOR gates 34o...34|4.i are fed 
to majority function logic 36. If more than half of the 
outpute of XOR gates 34o...34n.^ are logic one, i.e. the 
vadues on more than half of the lines of bus 60 will 
change, majority function logic 36 produces a logic 
high on line CL^. As described above, a logic high on 
line CLi toggles the value on line CL2 and Inverte the 
polarity of the bus. 

The actual Inversion of the polarity Is achieved by 
inverter 32 in conjunction with exclusive OR (XOR) 
gates 24o...24(4.i. Witii a logic one on line CL2, the out- 
put of inverter 32 will be logic zero. The first input of 
each of the XOR gates 24o...24n.i will be zero and the 
output of XOR gates 24o...24m.i will just be the value 
at the second input Witii a logic zero on line CL2 and 
a logic one at the output of inverter 32, the outpute of 
XOR gates 24o...24m.i will be the inverse of whatever 
is applied to the second input of the XOR gates. As 
can be seen, XOR gates 24o...24n.i are In series be- 
tween n-bit latch 22b and bus 60. Thus, they act to 
invert the word in n-bit latch 22b before it is applied to 
bus 60 when line CL2 has a logic zero on it 

It should be noted that XOR gates 24o...24n.i are 
connected to bus 60 through buffers 26o..^6n.i. 
These are conventional buffers and serve only to 
boost the signal level so that the proper voltage and 
current levels are provided to bus 60. 

At the receive end of bus 60 on chip 20, the same 
type of inversion is perfbnmed by receive section 40. 
Each of the lines bo...bN.i of bus 60 is fed into one of 
the XOR gates 44o...44n.i. The output of inverter 32 
is also provided to receive section 40 on bus line b^. 
After passing through buffer 42, the output of inverter 
32 is applied as the second input to each of the XOR 
gates 44o...44|4.i. If XOR gates 24o...24n.i inverted the 
signals before they were placed on the bus, XOR 
gates 44o...44n.i will Invertthem again aflerthey come 
off the bus to restore their appropriate level. These 
signals are then applied to logic section 14 tiie same 
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as in a conventional chip. 

It should be noted that most timing of the oper- 
ation of the components on chips 1 0 and 20 is omitted 
for clarity. However, one aspect of the timing is signifi- 
cant and is shown. Two clodc phases, 0^ and 02 are s 
shown for chip 10. It is important that the new digital 
word to be applied to the bus be known before the old 
word on the bus Is changed. Thus, the new word Is 
clocked into n-bit latch 22a on ctock phase 0^. Weight 
control lolgc 50 can thus operate on both values dur- io 
ing clock phase 0^. At the start of clock phase 02, the 
output of weight control logic is stored in fiip-flop 38 
and the new word is put into n-bit latch 22b for appli- 
cation to bus 60. 

The two phase dock as shown in FIG. 1 slows is 
down the operation of bus dnver 30. FIG. 2 shows an 
alternative embodiment. The embodiment of FIG. 2 
makes use of the feet that the most disruptive switch- 
ing transients occur when current flows from bus 60 
through bus driver 30. These switching transients 20 
appear on the chip ground, which is a reference. 
Switching transients resulting firom the flow of current 
out of bus driver 30 appear at the positive supply of 
the chip. As the positive supply is seldom used as a 
reference, these transients are not disruptive. 25 

As described above, the switching transient 
appears on the chip ground when lines on bus 60 are 
switched to a low voltage. Thus, the maximum poss- 
ible switching transient at chip ground can also be 
reduced by ensuring that no more than one-half of the 30 
lines on bus 60 ever are in the low state at once. 

In the circuit of FIG. 2, each of the lines 16 passes 
directly to one of the XOR gates 24o~.24n.i. As des- 
cribed above, XOR gates 24o...24|^i act as inverters 
when the signal on line CL2 is tow. The signal on line 35 
CL2 is produced by weight control logic 50'. Weight 
control logic 50' puts a bgic zero on line CL2 
whenever the majority of the lines 16 has a zero on it 
Thus, the polarity of the bus is inverted to ensure that 
no more than half of the lines on the bus are n a low 40 
voltage state. 

After a little thought, it may be appreciated that 
the scheme of FIG. 2 may allow more than half of the 
lines on bus 60 to change simultaneously. However, 
the number of lines which change and sink current 45 
through bus driver 30' to ground wQI never be mm 
than one-half of N, the total number of bus lines. Thus, 
the disruptton to logic section 12 is at most one-half 
of what it could be if all the lines on bus 60 changed 
as in a conventk>nal system. so 

The system of FIG. 2 can also be applied in other 
areas. For example, certain types of nonvolatile 
memories suffer from a problem known as "fatigue". 
The memory cells cease to function properly if they 
change state too often. 55 

In one type of memory, the destructive readout 
memory, the problem is particularly acute. Taking fer- 
roelectric memories as an ^cample, information 



stored in one memory cell is read from the memory by 
writing a known logic value to that memory cell. The 
current flow into the cell during this read operatton is 
measured. A large cunrent flow is associated with a 
change of state of the cell during the read operation. 
For example, if the cell is written with a logic low volt- 
age to store logic low, a large current flows during a 
read operation in which the cell is written with a logic 
high voltage. Of course, the logic low voltage must be 
rewritten into the cell after the read operation. Thus, 
if the cell stores a logic low voltage, the read operation 
requires two state changes for the memory cell and 
contributes to the fatigue of the memory cells. But if 
the cell stores a logic high voltage, no state changes 
occur during the read, it would therefore be better if 
as many of the cells as possible stored intomiation in 
the logic high vottage state. The requirement in this 
case is directly analagous to the bus driving arrange- 
ment of FIG. 2 where it is desirable for as many of the 
lines on bus 60 to be at a high voltage. 

FIG. 3 shows the scheme of FIG. 2 applied to a 
memory 310. Each of the lines bo...bN.i goes to a 
memory cell in a memory array 360. Additionally, line 
bw goes to a cell in memory array 360. The cells of 
memory array 360 here depict ferroelectric cells of 
known construction, but could be any type of memory. 
Also, memory array 360 is shown to contain N*M cells, 
it will be appreciated that memory array 360 would 
likely contain many ntore cells. For example, the N+1 
cells shown for memory array 360 might represent 
storage for one word in a memory which stores 16K 
words. Additionally, the memory would contain 
addressing logic to steer the infonmation on lines 
bo...bN.t to selected ones of the cells. Such circuitry is 
commonly included In memories and is not explicitly 
shown here. Also, logic section 312 in RG. 3 repre- 
sente the write control logic of the memory. Logic sec- 
tion 314 represents the read control logic. As shown, 
the write control and read control logic are separate 
elements. In an actual memory, there would be some 
overiap between read control logic and write control 
logic. 

As can be seen in FIG. 3, infonnation to be written 
into memory appears on lines 16. Driver section 30" 
inverts the date if appropriate to ensure more 
memories are programmed in the high voltege state. 
During a read operation, a high voltege is applied to 
the cells, but less than half wHI undergo a state 
change. 

The line bw conteins a signal indicating whether 
the informatton stored in memory has been Inverted. 
The value of line byy is also stored In a memory cell 
and is read from the memory and provided to read 
section 40". 

Having described several embodlmente of the 
invention, it will be apparent to one of skill in the art 
tiiat various modifications could be made. For 
example, circuite could be developed which perfonn 
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the logic functions described herein. Also, N-bit latch 
22a can be omitted if the outputs of logic section 12 
on lines 16 are latched. Additionally, this technique 
could be applied to various types of electrical circuits 
when state changes on various lines must be mini- 
mized. It is felt, therefore, that the invention should be 
limited only by the spirit and scope of the appended 
claims. 



Claims 

1. A method of driving a digital bus containing a 
plurality of lines to transmit across the bus a first 
and a second digital words, each word having N- 
bits, the method comprising the steps of: 

a) applying each bit of the first digital word to 
one of the plurality of lines on the bus; 

b) comparing the con^sponding bits of the first 
and second words to detemilne the number of 
bits which differ In the first and second words; 
and 

c) applying each bit of the second digital word 
to one of the plurality of lines on the bus when 
the comparison indicates the number of bits 
which differ is less than or equal to one half of 
N and applying the inverse of each bit of the 
second digital word to one of the plurality of 
lines on the bus when the comparteon indi- 
cates the number of bits which differ is greater 
than one half N. 

2« Amethod of driving adigital bus to apply sequen< 
tialiy a pluraii^ of digital words, each having N- 
bits, the method comprising: 

a) establishing a polarity of the bus such that 
each bit is represented by a voltage on a bus 
line, with a bit value of logic one represented 
by a first voltage and a bit value of logic zero 
represented by a second voltage; 

b) applying a first word to the bus with the first 
polarity; 

c) for each successive word, 

0 determining the number of bits in the 
word differing from bits in the word previ- 
ously applied to the bus; 
li) when the number of bits differs by more 
than half the number of bits In the word, 
inverting the polarity of the bus; and 
ill) applying the word to the bus. 

3. The method of Claim 2 wherein the step of invert- 
ing the polarity of the bus comprises: 

generating a signal which controls a 
plurality of inverters at the transmitting end of the 
bus and at the receiving end of the bus. 

4. In a digital system of the type containing at least 



9. The apparatus of aaim 8 wherein the output of 
the second means is connected to the input of the 
first means. 

10. The apparatus of Qaim 7 wherein the control sig- 
nal is generated by control logicoomprising: a flip- 
flop, the output of which toggles when the means 
for detenmining the number of bits which differ 
indicates more than the threshold number of bits 
dtffer. 

11. The apparatus of aalm 10 wherein the means for 
inverting comprises a plurality of exclusive OR 
gates, one input of each gate connected to one bit 
of the word to be inverted and one input of each 
gate coupled to the output of the flip-ftop through 
an inverter. 

55 12. In an electronic system of the type having a fiist 
electronic circuit and a second electronic circuit 
connected by a plurality of lines, an improvenrient 
comprising: 



two semiconductor chips connected by a digitei 
bus, an improvement comprising: 

a) a bus driver in a first one of the semiconduc- 
tor chips comprising: 

5 i) meansfordetennining the number of bits 

that differ between a word on the bus and 
a word to be applied to the bus; 
ii) means for inverting each of the bits in 
the word to be applied to the bus when the 

10 number of bits which differ exceeds a pre- 

determined threshold; and 

b) a bus receiver in a second one of semicon- 
ductor chips comprising: 

i) means for controllabiy inverting each of 
bite m the word applied to the bus. 

5. The apparatus of Claim 4 wherein the predeter- 
mined threshold comprises one half of the num- 
ber of bite in the word applied to the bus. 

20 

6. The apparatus of Claim 5 additionally comprising 
a control line between the first chip and the sec- 
ond chip, said control line having a value indicat- 
ing whether the word applied to the bus has been 

25 inverted. 

7. The apparatus of Claim 6 wherein the means for 
controllabiy Inverting inverte each of the bite on 
the bus in response to the control line. 

30 

8- The apparatus of Claim 7 wherein the means for 
detemnining the number of bite that differ com- 
prises a first means for storing the word on the 
bus and a second means for storing the word to 
35 be applied to the bus. 
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a) a signal line connecting ttie first electronic 
circuit to the second electronic circuit; 

b) first logic means, coupling a plurality of bits 
firom the output of the first electronic circuit to 

the plurality of lines, for placing the signal line 5 
in a first state when one-half of the plurality 
output bits of the first electronic circuit are in 
a first state and for coupling to the plurality of 
lines the Inverse of the plurality of bits; and 

c) second logic means, coupling a plurality of io 
bits from the plurality of lines to the input of the 
second electronic circuit, for coupling to the 
Input of the second electronic circuit the 
inverse of the signal on the pluraiify of lines 
when the signal line is In a first state. is 

13. The electronic system of Claim 12 additionally 
comprising a plurality of memory cells, each 
memory cell coupled to one of the plurality lines 

and wherein information coupled onto the 20 
plurality of lines is stored into memory and Infor- 
mation coupled firom the lines is read from mem- 
ory. 

14. The electronic system of Claim 13 wherein the 25 
firstelectroniccircuitcomprises write control logic 

of a memory and the second electronic element 
comprises read control logic of a memory. 

15. The electronic system of Claim 12 wherein the 30 
first logic means comprises: 

a) third logic means for producing an output 
signal indicating when a majority of its inputs 
have a first state, the inputs of the logic means 
being connected to the plurality of bits from 35 
the output of the first electronic circuit; and 

b) a plurality of XOR gates, one input of each 
XOR gate being connected to one of the 
plurality of bits from the output of the first elec- 
tronic circuit, and the second of the inputs of 40 
each XOR gate coupled to the output of the 
thhd logic means. 
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